In the present study, we used positron emission tomography to investigate changes in regional cerebral blood flow (rCBF) during a general anesthetic infusion set to produce a gradual transition from the awake state to unconsciousness. Five righthanded human volunteers participated in the study. They were given propofol with a computer-controlled infusion pump to achieve three stable levels of plasma concentrations corresponding to mild sedation, deep sedation, and unconsciousness, the latter defined as unresponsiveness to verbal commands. During awake baseline and each of the three levels of sedation, two scans were acquired after injection of an H 2 15 O bolus. Global as well as regional CBF were determined and correlated with propofol concentrations. In addition, blood flow changes in the thalamus were correlated with those of the entire scanned volume to determine areas of coordinated changes.
In the present study, we used positron emission tomography to investigate changes in regional cerebral blood flow (rCBF) during a general anesthetic infusion set to produce a gradual transition from the awake state to unconsciousness. Five righthanded human volunteers participated in the study. They were given propofol with a computer-controlled infusion pump to achieve three stable levels of plasma concentrations corresponding to mild sedation, deep sedation, and unconsciousness, the latter defined as unresponsiveness to verbal commands. During awake baseline and each of the three levels of sedation, two scans were acquired after injection of an H 2 15 O bolus. Global as well as regional CBF were determined and correlated with propofol concentrations. In addition, blood flow changes in the thalamus were correlated with those of the entire scanned volume to determine areas of coordinated changes.
In addition to a generalized decrease in global CBF, large regional decreases in CBF occurred bilaterally in the medial thalamus, the cuneus and precuneus, and the posterior cingulate, orbitofrontal, and right angular gyri. Furthermore, a significant covariation between the thalamic and midbrain blood flow changes was observed, suggesting a close functional relationship between the two structures.
We suggest that, at the concentrations attained, propofol preferentially decreases rCBF in brain regions previously implicated in the regulation of arousal, performance of associative functions, and autonomic control. Our data support the hypothesis that anesthetics induce behavioral changes via a preferential, concentration-dependent effect on specific neuronal networks rather than through a nonspecific, generalized effect on the brain.
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The search for a neural substrate of consciousness has been the subject of increased scientific effort in recent years. Although it is difficult to provide an all-encompassing definition of the term "consciousness," it is usef ul to make a distinction between the level and content of consciousness: the former is generally associated with arousal, whereas the latter concerns the content of subjective experience (Frith et al., 1999) . In the present paper, the term consciousness is used in reference to the level of arousal.
Since the pioneering work of Jasper (1949) and Moruzzi and Magoun (1949) , the thalamus and the brainstem reticular formation have been known to play a critical role in the regulation of levels of consciousness. More recent work in nonhuman species provided evidence that neuronal oscillations in the reticular thalamic nucleus are intimately linked to the variations in sleepwaking cycle (Steriade and Deschenes, 1984; Steriade and Llinas, 1988; Steriade et al., 1993) . In particular, GABAergic cells of the reticular thalamic nucleus seem to control bursting activity of the thalamocortical neurons and, in turn, modulate cortical activity (Steriade et al., 1993; Destexhe et al., 1994) . In humans, much less is known about the relationship between the intrathalamic nuclei activity and consciousness. Reports on the recording of unit activity in the human thalamus are sparse, and lesion studies (Lugaresi et al., 1986; Kinney et al., 1994) provide only a limited static picture of the system. On the other hand, several brain imaging studies have shown regional cerebral blood flow (rCBF) variations in the human thalamus in relation to various states of consciousness, including sleep (Maquet et al., 1996 (Maquet et al., , 1997 vigilance , and attention (Kinomura et al., 1996) .
Pharmacological studies on anesthetic effects suggest that a variety of neurochemical routes lead to the same end point, namely the change of the level of consciousness. Thus, the currently used general anesthetics may act through ligand-gated ion channels of the GABA A (Hales and Lambert, 1991; Yeh et al., 1991; Orser et al., 1994) , NMDA (Lodge et al., 1982) (Anis et al., 1983) , and muscarinic (Lydic et al., 1993; Keifer et al., 1994) receptors. It is not known, however, whether these cellular events exert their action by affecting specific structures of the brain.
In the present study, we manipulated the level of consciousness using propofol, an anesthetic drug widely used in clinical practice to induce and maintain general anesthesia. Propofol was chosen because its concentration-effect relationships are well established and predictable (Dunnet et al., 1994; Forrest et al., 1994; Casati et al., 1999) . We infused propofol with a computer-controlled infusion pump (CCIP) to maintain steady-state plasma concen-trations and, in turn, a stable effect corresponding successively to light sedation, deep sedation, and unconsciousness. At the same time, we used positron emission tomography (PET) to measure absolute and relative values of rCBF and electroencephalography (EEG) to assess concurrent changes in the electrocortical arousal. We found that the thalamic blood flow decreased as a f unction of the propofol level above and beyond a decrease in global CBF.
MATERIALS AND METHODS
Subjects. The study was approved by the Research and Ethics Committee of the Montreal Neurological Institute and Hospital. Five healthy righthanded subjects (two females) participated in the study after giving written informed consent (age, 25.4 Ϯ 3.36 years). All underwent a comprehensive medical evaluation and had no history of neurological disorders or intolerance to anesthesia.
E xperimental design. We did not objectively assess the component of consciousness related to the appreciation or awareness of afferent inputs. Our definition of consciousness, i.e., response to verbal commands, is simple yet operationally usef ul in the sense that it globally evaluates all the aspects of the conscious response to a standard stimulus.
Three different levels of sedation (mild sedation, deep sedation, and unconsciousness) were induced and maintained with propofol administered using a computer-controlled inf usion pump (CCI P). Volunteers were also studied during an awake baseline state. The following order of conditions was used: awake baseline (baseline), mild sedation (level 1), deep sedation (level 2), and unconsciousness defined as an absence of response to verbal commands (level 3). Thus, the subjects always received an increasing concentration of propofol to avoid delays encountered by the elimination of the drug from the brain if a decreasing concentration order had been used.
At each condition, two 3 min PET scans were acquired with a Scanditronix (Uppsala, Sweden) PC -2048B tomograph, and arterial blood samples were drawn to calculate the absolute values of rCBF. Blood was also drawn for determination of arterial blood gases and propofol plasma concentrations. During the scans, the subjects were blindfolded and EEG, electrocardiogram, systemic arterial blood pressure, and pulse oximetry were recorded. During all scans oxygen was provided through a loosely fitting face mask at a rate of 3 l /min. Between each scan the state of consciousness was assessed by asking the volunteer to move his or her toes and squeeze the investigator's hand. Throughout the study, the subjects were closely monitored by an anesthesiologist (P.F., T.D., or G.P.). Resuscitation material was readily available in the scanner room.
To facilitate localization of the regional changes in CBF, we obtained high-resolution T1-weighted magnetic resonance images (MRIs; 160 contiguous sagittal slices, 1 mm thick) from a Philips (Besl, The Netherlands) Gyroscan AC S imager (1.5 T) for each subject.
Propofol Inf usion. Propofol was inf used with a CCI P; the inf usion program STAN PUM P (developed by Steven L. Shafer, Department of Anesthesiology, Stanford University, Stanford, CA) was used to control a Harvard Apparatus (Holliston, M A) 22 pump. A target concentration of propofol was rapidly reached by the administration of a bolus dose and was maintained by an inf usion with an exponentially declining rate. The dosage and rate of propofol inf usion were based on pharmacokinetic parameters obtained by Tackley et al. (1989) in a population with demographic characteristics similar to those of our volunteers.
In addition to the awake baseline condition (baseline, 0.0 g /ml of propofol in plasma), the following three levels of propofol were targeted: level 1, 0.5 g /ml plasma when the volunteer is awake and mildly sedated and readily follows commands; level 2, 1.5 g /ml plasma when the volunteer is deeply sedated, his or her speech is sluggish, and reactions to verbal orders are slow; and level 3, 2.5-3.0 g /ml plasma when the volunteer is unconscious and does not respond to verbal orders but breathes spontaneously.
The plasma concentration of propofol was assessed with HPLC (Plummer, 1987) using arterial blood samples obtained at least 5 min after the target effect site concentration was reached and 4 min before the commencement of each scan.
EEG. Brain electrical activity was recorded using Ag /AgC l electrodes placed over the left hemisphere (F 4 , P 4 , and O 2 ) and at the vertex (C z ) and referenced to the right earlobe (A 2 ) (Electrode Nomenclature Committee, 1994) . A horizontal electro-oculogram was obtained from two electrodes placed at the outer canthi of each eye, and an electromyogram (EMG) was recorded from an electrode placed on the chin. The electrodes were filled with conductive gel and glued to the scalp with collodion and a piece of gauze. The electrode impedance was considered acceptable if Ͻ10 k⍀.
Brain electrical activity was amplified (bandpass, 0.3-100 Hz) and sampled at 256 Hz with Monitor software (Stellate Systems, Montreal, Quebec, C anada) and stored on disk for subsequent analysis. For each 3 min epoch corresponding to a CBF scan, the EEG activity present at various frequency bands was determined using fast Fourier transform (Rhythm software, Stellate Systems). The following frequency bands were used: ␦, 1.5-4.0 Hz; , 4.5-8.0 Hz; ␣, 8.5-11.5 Hz; , 12.0 -15.0 Hz; ␤, 18.0 -30.0 Hz; and ␥, 30.5-57.0 Hz. For the present analysis, only data from F 4 -A 2 were used.
EEG epochs containing obvious muscle activity or eye blinks were rejected. Data from F 4 -A 2 were subjected to an ANOVA for repeated measures to evaluate the effect of propofol level (baseline and levels 1-3) on the total and relative power at each frequency level (␣, ␦, , , ␤, and ␥). The Greenhouse -Geisser procedure was used to adjust the degrees of freedom. T ukey's honestly significant difference test was used for post hoc tests (K irk, 1982) .
Measurement and anal ysis of rCBF. Values of rCBF were measured with a Scanditronix PC -2048B eight-ring 15-slice tomograph. The axial view of this scanner is 9 cm, and in this study, the subjects were placed in the scanner so that the brain was scanned from approximately z ϭ 48 to z ϭ Ϫ44 mm. The distribution of rCBF was measured during each 3 min scan using the 15 O-labeled H 2 O bolus method (Raichle et al., 1983) . For each scan, 30 mC i of 15 O-labeled H 2 O was injected into the left antecubital vein. Arterial blood samples were taken from a catheter placed in the right radial artery. The sinograms were reconstructed using an 18 mm Hanning filter.
Absolute rCBF. Arterial blood samples were collected manually at 5 sec intervals and assayed in a well counter calibrated with respect to the tomograph. CBF was calculated using the two-compartment, weighted integration method of Ohta et al. (1996) . C erebral perf usion maps (K1 maps) were generated for each scan using the sum of the native PET image across all frames. Mean whole-brain CBF values were then obtained by averaging the K1 map.
The averaging of masked K1 maps allowed calculation of mean CBF values in the gray and white matter. The masks were standard probabilistic maps of gray or white matter co-registered with each K1 map by means of an automatic registration program (Woods et al., 1993) . A probability of 0.6 was chosen as the cutoff point for a voxel to be of gray or of white matter, respectively.
The mean CBF of the regions of interest was calculated. The coordinates of significant peaks observed after statistical analysis of the relative CBF images were back-transformed into the coordinates of each individual K1 map and served as the center of a 7 mm radius volume of interest. The average CBF value in that region was then extracted.
Normalized rCBF. To identif y the brain regions where propofol induced changes in blood flow beyond those observed globally, we analyzed the effects of propofol on normalized rCBF. This analysis was limited to the initial 60 sec period of the 3 min scan. First, between-scan and between-subject differences in global CBF were removed by proportional normalization: in each scan, count values in all voxels were multiplied by a constant, based on the mean count value of all gray matter voxels for the given scan, so that the resulting global mean had a value of 50 in all scans and subjects. The gray matter voxels were defined by a probabilistic gray matter mask (gray matter p Ͼ 0.5). The use of the gray matter mask ensures that the global changes in CBF in the area of greatest neuronal activity are removed. Second, PET images were coregistered with the individual MRIs (Woods et al., 1993) and transformed into stereotaxic space (Talairach and Tournoux, 1988) by means of an automated feature-matching algorithm (Collins et al., 1994) .
To assess the significance of the linear relationship between the plasma level of propofol and normalized rCBF, a propofol regression map was calculated. The following calculations were performed for each of the three-dimensional volume elements (voxels) constituting a volume. The data set consisted of normalized rCBF obtained in five subjects, each scanned twice during each of the three propofol conditions, yielding a total of 30 CBF volumes. Because of excessive movements during scanning, however, four scans obtained at levels 2 and 3 in one of the subjects had to be excluded, leaving us with a total of 26 volumes. The effect of propofol on CBF was assessed by means of an analysis of covariance (ANC OVA) (Sokal and Rohlf, 1981) , with subjects as a main effect and the plasma level of propofol as a co-variate. The subject effect was removed, and the parameter of interest was the slope of the propofol effect on normalized rCBF. An estimate of the slope, ␤ PROP , and its SD, s, were obtained by least-squares fitting of the model (ANC OVA) at each voxel. A total of 26 values of the co-variate were used, corresponding to the 26 volumes in the data set. The degrees of freedom (df) of the estimate of the SD (s) were increased from 20 (26 Ϫ 5 Ϫ 1) by pooling s across all voxels, and this replaced a voxel s in the denominator of the t statistic, t ϭ ␤ PROP /pooled s, so that its distribution was normal. The resulting t statistic map tested whether, at a given voxel, the slope of the regression was significantly different from zero; the presence of a significant peak was tested by a method based on three-dimensional Gaussian random-field theory, which corrects for the multiple comparisons involved in searching across a volume (Worsley et al., 1992) . Values equal to or exceeding a criterion of t ϭ 3.5 were considered significant ( p Ͻ 0.0004, two-tailed, uncorrected), yielding a false-positive rate of 0.5 in 200 resolution elements (each of which has dimensions 7.7 ϫ 18 ϫ 18 mm), which is approximately the volume of brain gray matter.
In addition to the above propofol regression map, a regional regression map was generated to assess the significance of the relationship between CBF values in the thalamus and those obtained at each voxel of the entire scanned volume. This was done to reveal brain regions that showed a coordinated blood flow response in the thalamus and in other regions to the changing plasma levels of propofol. CBF values in the thalamus were first derived by positioning a spherical volume of interest (radius, 8 mm) at the center of the peak defined by the propofol regression. Subsequently, the same statistical procedures were used when calculating the propofol regression map: subject effect was removed, and the parameter of interest was the slope ␤ THAL of the effect of CBF in the thalamus on CBF. Assessment of significance for this parameter (i.e., generation of a t map) was performed in the same manner as for the propofol regression.
RESULTS

Propofol concentration
HPLC analysis of plasma demonstrated that the concentrations achieved were very similar to those targeted. The measured concentrations were as follows (mean Ϯ SD): level 1, 0.445 Ϯ 0.070 g/ml (target, 0.5 g/ml); level 2, 1.35 Ϯ 0.11 g/ml (target, 1.5 g/ml); and level 3, 2.67 Ϯ 0.5 g/ml (target, 2.5-3.0 g/ml). The mean and median absolute errors of propofol plasma concentrations in all subjects were 12 and 8%, respectively, of the values predicted by the CCI P.
State of consciousness
All volunteers were conscious but mildly sedated at level 1, such that they responded to verbal commands and reported being slightly drowsy. At level 2, four subjects were deeply sedated, as indicated by their slurred speech and slow responses to verbal commands, whereas one volunteer was unconscious. At level 3, all five volunteers were unconscious.
Cardiovascular parameters
Heart rate and P C O 2 did not change at levels 1-3 compared with baseline. There was a significant drop in systolic and diastolic blood pressure at level 3 compared with the baseline and with level 1, as illustrated in Table 1 . A small nonsignificant increase in P C O 2 was observed at levels 2 and 3 compared with baseline. Table 2 shows the effect of propofol on EEG. There was a significant increase in total power during level 3 compared with baseline and level 1. There was a significant increase in relative power during levels 2 and 3 compared with baseline. There was finally a significant decrease in ␥ power during level 3 compared with baseline. This effect remained significant when the ␥ relative power from the chin EMG was used as a time-varying covariate. Figure 1 shows a 20.2% decrease in global CBF, from 40.1 to 32.1 ml ⅐ 100 gm Ϫ1 ⅐ min
Electroencephalogram
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, between baseline and level 3. The ANOVA showed a significant main effect of level (F ϭ 4.63; p ϭ 0.0226), and a post hoc paired t test comparing each of the levels showed a statistically significant difference between baseline and level 3 ( p Ͻ 0.05) and a borderline difference between levels 1 and 3.
The white and gray matter compartments were defined with the aid of the respective probabilistic maps. The two-way repeated measures ANOVA revealed a significant main effect of tissue Table 2 . EEG values (v 2 /sec) for total power and percent of total (relative) power for frequency bands type (F ϭ 4.52; p ϭ 0.0477) but no significant interaction between level and tissue type.
Normalized rCBF
The results of the regression of propofol levels versus rCBF are summarized in Table 3 . As the plasma concentration of propofol increased, normalized rCBF decreased in the thalamus (Figs. 2,  3A ) and in the parieto-occipital cortices, cuneus, precuneus, and posterior cingulate (Fig. 3A) . On the other hand, significant positive correlations between propofol and rCBF were observed in the cerebellum, the medial frontal cortex, and the left temporal pole.
The thalamus-based regional regression revealed a positive correlation between the thalamic CBF and the midbrain, upper midbrain, and left orbitofrontal cortex (Table 3 , Fig. 3B ).
DISCUSSION
Propofol induced a decrease in absolute CBF throughout the white and gray matter. Using the normalized rCBF data, we found that this effect is particularly pronounced in the medial thalamus, the cuneus and precuneus, the posterior cingulate and orbitofrontal gyri, and the right angular gyrus. The propofolrelated variations in the thalamic blood flow were statistically linked with those in the midbrain reticular formation, thus suggesting a close functional relationship between the two brain structures.
Propofol and global cerebral blood flow
Our finding that propofol produces a decrease in the global CBF is consistent with the results of several animal studies that used a variety of techniques, including cerebral venous outflow measurement (Langerkranser et al., 1997) , labeled tracer injection (Werner et al., 1993; Todd and Weeks, 1996) , and 133 Xe (Van Hemelrijck et al., 1990) . A global decrease in CBF, measured by middle cerebral artery Doppler (Eng et al., 1992) and 133 Xe (Pinaud et al., 1990; Newman et al., 1995) , has also been reported in human subjects.
In the present study, we report a decrease in the mean systemic arterial blood pressure with increasing concentrations of propofol. When autoregulation of the cerebral vasculature is intact, changes in systemic arterial blood pressure ranging between 50 and 150 mmHg do not result in variations of CBF. It has been shown in animals (Van Hemelrijck et al., 1990; Werner et al., 1993; Langerkranser et al., 1997) and in humans (Salord et al., 1995) that autoregulation is preserved when propofol is administered in concentrations similar to those used in our study. Therefore, we suggest that the changes in CBF reported here do not result from the variation in blood pressure but instead are a reflection of the decreased cerebral metabolic requirements induced by anesthesia.
Propofol effects on the reticulothalamic system
The strong negative correlation between rCBF in the medial thalamus and propofol concentration suggests that propofol acts on the reticulothalamic system when loss of consciousness is induced. We have since replicated this finding in another group of subjects . The observed covariation between the thalamic and midbrain blood flow is consistent with the role of the thalamus and the ascending reticular activating system (ARAS) in the regulation of wakef ulness (Steriade et al., 1990; Paus et al., 1997) . Electrophysiological studies in animals have shown that a progression from awake slow-wave sleep is associated with a decreased firing of neurons in the brainstem reticular activating system and a disfacilitation of thalamocortical relay neurons (Steriade et al., 1990; Jones, 1994) . Furthermore, thalamocortical interactions expressed, for example, as 40 Hz oscillations are decreased in natural sleep (L linás and Paré, 1991) and during general anesthesia (Plourde and Picton, 1990; Plourde and Boylan, 1991; Plourde et al., 1998) . Our results suggest that the reticulothalamic system plays a central role in the modulation of consciousness by general anesthetics. It is important to note that similar variations in the thalamic CBF were also observed during natural transitions between waking and slow-wave sleep Maquet et al., 1997) , between high and low vigilance levels , and between high and low alertness (Kinomura et al., 1996) .
It is believed that neural effects of propofol are mediated at least in part by the activation of the GABA A -ionophore receptor complex Pedutto et al., 1991; Tanelian et al., 1993) . The interaction between the GABAergic cells of the reticularis and the perigeniculate nuclei and the excitatory thalamocortical relay neurons is responsible for the generation of spindle wave activity recorded during slow-wave sleep (von Krosigk et al., 1993) . This suggests that the thalamic deactivation we report in association with propofol-induced modulation of consciousness may result from a direct effect on the GABA A receptor complex of that circuit. This explanation is consistent with the decreases in CBF resulting from the pharmacological stimulation of GABA A receptors, suggesting that inhibitory postsynaptic neurotransmission may be associated with decreases in rCBF (Gjedde, 1997; Roland and Friberg, 1988) .
Propofol effects on cortical activity
In the present study, we found an overall decrease of absolute CBF in the gray matter, which may reflect an overall decrease in cortical neuronal activity. Direct inhibitory effects of propofol on cortical layers II, IV, V, and VI have been reported (Angel, 1993) and could underlie the cortical deactivation. Alternatively, a decreased cortical activity may be secondary to decreased activity in the ARAS and thalamocortical systems.
In addition to the overall decrease in cortical CBF produced by propofol, we observed particularly pronounced effects in several cortical regions. The medial parieto-occipital cortex was one of Standard stereotaxic coordinates (Talairach and Tournoux, 1988) are given for the local maxima, as indicated by the highest t statistic, within an area of significant negative (t Ͻ Ϫ4.5) or positive (t Ͼ 4.5) covariation between normalized rCBF and propofol levels (top part) or thalamic blood flow (bottom part). x, Distance to right (ϩ) or left (Ϫ) of the midsagittal line; y, distance anterior (ϩ) or posterior (Ϫ) to the anterior commissure; z, distance above (ϩ) and below (Ϫ) the intercommissural line.
the regions particularly affected. It includes the cuneus, precuneus, posterior cingulate cortex, and right angular gyrus. These areas are implicated in visual associative activities, integration of sensory information, processing of spatial information, and evaluation sensory inputs in the service of spatial orientation and memory.
Changes in activation of the medial occipital area have been reported in other PET studies concerned with the mechanisms modulating the level of consciousness. Hofle et al. (1997) in a sleep study, Paus et al. (1997) in a vigilance study, and Rainville et al. (1997) in a hypnosis study reported increases an activation in precuneus and cuneus area concurrent with a decrease in arousal and medial thalamic activity. In contrast, in the present study, thalamic deactivation is paralleled by medial occipital deactivation. We suggest that this is the reflection of a difference in the mechanism in play, namely the effect of naturally occurring changes in the level of arousal versus direct pharmacological effects of propofol.
GABA A receptors are distributed widely throughout the CNS, but Hendry et al. (1987) have reported that the primary visual cortex contains 50% more GABA-immunoreactive neurons than other cortical areas. This is a reflection of the overall higher density of neurons in the primary visual cortex and, therefore, a higher absolute number of GABA neurons compared with other cortical regions. It is possible that some cortical areas are more sensitive to the GABAergic inhibition caused by propofol on the basis of their network of corticocortical connections. Localized patterns of deactivation, like the one we report in the medial occipitotemporal area, might be enhanced on the basis of their connectivity network. Supportive evidence to this argument is given in a recent study by Chabli et al. (1998) , who have shown that the inactivation of area 17 cells produces a decline of the evoked discharges in area 18 cells with the same orientation tuning.
We also report a significant decrease in rCBF in the orbitofrontal cortex bilaterally. This area of the frontal lobe is implicated in the modulation of emotional behavior and in the control of autonomic responses linked to generalized arousal reactions (Neafsey, 1990; Oppenheimer et al., 1992) . It is part of a network that sends descending connections to the solitary nucleus of the brainstem (Neafsey et al., 1986) . We speculate that the changes in rCBF in the orbitofrontal region during anesthesia might be related to a modification of autonomic outflow that contributes to a decrease in arterial blood pressure. However, further studies are required to provide evidence for that hypothesis.
Finally, we report an increase in rCBF in the cerebellum. This finding might be related to the initial increase in muscle tone and jerking movements frequently seen at early stages of propofolinduced general anesthesia.
Electroencephalographic activity recorded when consciousness Figure 2 . Normalized thalamic blood flow as a f unction of propofol levels. There is significant negative correlation with a peak in the medial thalamus (t ϭ 5.62).
was lost was characterized by high-amplitude, low-frequency ␦ waves and a decrease in ␥ activity, an EEG pattern very similar to stage IV sleep. These findings are in accordance with the view that ␥ activity is a property of the thalamocortical system associated with conscious processing.
Conclusion
The findings from the present study show that propofol induces concentration-dependent effects in the medial thalamus, cuneus, precuneus, and posterior cingulate and orbito-frontal cortices. This suggests that, at the concentrations attained (between 0.5 and 3.5 g/ml plasma), propofol preferentially decreases rCBF in areas linked to the control of consciousness, associative functions (especially those related to visual inputs), and autonomic control. These changes have not been reported in previous studies concerned with the metabolic effects of propofol (Dam et al., 1990; Cavazzuti et al., 1991; Alkire et al., 1995) . The thalamic deactivation and its covariation with the midbrain reticular formation are consistent with the role of these structures in the control of consciousness. Moreover, they suggest that the rCBF changes reported in this study are linked to the specific effects of propofol on neuronal activity and are not the result of a nonspecific regional effect on C NS vasculature. In this context, the deactivation pattern in specific cortical regions suggests that some neuronal circuits are more sensitive to the effects of propofol and offers new avenues of investigation. 
